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ORTHOTOPIC CARDIAC 
TRANSPLANTATION: 
A COMPARISON OF 
STANDARD AND BICAVAL 
WYTHENSHAWE TECHNIQUES 
We describe an alternative technique for orthotopic ardiac transplantation (bicaval 
Wythenshawe technique), which maintains the right and left atrial anatomy. We 
compared the new bicaval technique with t e conventional (Lower and Shumway) 
technique of orthotopic ardiac transplantation to identify any beneficial physiologic 
and clinical outcomes resulting from maintaining the normal anatomy. Seventy-five 
patients were randomized on an alternate basis to two groups: group A (n = 40) had 
orthotopic ardiac transplantation with the bicaval technique and group B (n = 35) had 
conventional orthotopic heart transplantation. All patients were studied with transtho- 
racic echocardiogram, endomyocardial biopsies, and measurement of intracardiac 
pressures 1, 4, and 12 weeks after transplantation. There were no statistically significant 
differences in the demographic profile, ischemic time, bypass time, implantation time, 
transpulmonary gradient, or pulmonary vascular esistance between the two groups. 
The hemodynamic data were collected in the absence of histologic signs of rejection. In 
group A right atrial pressure (mean 3.6 mm Hg) was ignificantly lower (p < 0.03) than 
in group B (mean 8.8 mm Hg). The right atrial a wave was recorded in 38 patients in 
group A compared with seven patients in group B (p = 0.041). Atrial tachyarrhythmias 
occurred in two patients in group A compared with 11 in group B (p < 0.016). 
Temporary pacing was required in 10 patients in group A and 16 patients in group B 
(p = 0.034). Four cases of mitral regurgitation (all mild) were detected in group A in 
comparison with 12 cases (10 mild, 2 severe) in group B (p = 0.008). The mean ejection 
fraction in the first week after transplantation was 58% in group A and 46% in group B 
(p = 0.5). In the first 3 months the need for diuretics was less in group A (mean dose 
80.8 mg furosemide daily) than in group B (mean dose 134 mg furosemide daily in the 
first week increasing to 160 mg furosemide daily). Hospital stay was shorter in group A 
(mean 23 days) than in group B (mean 27 days) (p < 0.015). There were no early deaths 
as a result of right ventricular failure in group A (n = 0/40) compared with four (n = 
4/35; 9%) in group B (p < 0.034). This difference snggests that bicaval orthotopic cardiac 
implantation is associated with a lower right atrial pressure, a lower likelihood of atrial 
tachyarrhythmias, less need for pacing, less mitral incompetence, a lower diuretic dose, 
and a shorter hospital stay. Early mortality from right ventricular failure is significantly 
lower in this group, which may be the result of improved right ventricular function owing 
to effective atrial function. (J THORAC CARDIOVASC SURG 1995;109:721-30) 
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k ower, 1 Shumway, 2 and their associates described the surgical technique for orthotopic cardiac 
transplantation, in which systemic and pulmonary 
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venous communication could be simplified with 
atrial cuffs, avoiding the technical difficulty of sepa- 
rate caval and pulmonary venous anastomoses. 
Their technique has been the gold standard for 
orthotopic cardiac transplantation for the past 25 
years)  However, the loss of atrial anatomy, the loss 
of the atrium's contribution to cardiac function, and 
the prevalence of tricuspid and mitral valve regur- 
gitation documented on echocardiography, de- 
spite normal ventricular function, are causes for 
concern. 4
We have described the Wythenshawe bicaval 
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Table I. Demographic profile 
Group A Group B 
(n = 40) (n = 35) p Value 
Age (yr) 53 50 0.14 
Weight (kg) 70.61 + 9.6 73.32 --_ 3.3 0.47 
Height (cm) 174 _+ 6.5 173 _+ 8.8 0.77 
Sex (M:F) 31:9 28:7 0.46 
Pathology 
IHD 20 (50%) 18 (51%) 
Cardiomyopathy 19 (47.5%) 14 (40%) 
Others 1 (2.5%) 3 (9%) 
TPG (mm Hg) 7 8.5 0.24 
PVR (WU) 2.1 + 0.8 2 + 0.8 0.49 
PVRI (WU) 3.3 _+ 1.3 3.5 -+ 1.1 0.49 
IHD, Idiopathic heart disease; TPG, transpulmonary g adient; PFR, 
pulmonary vascular resistance; PVRL, pulmonary vascular resistance index; 
WG Wood units. 
Fig. 1. Wythenshawe bicaval technique. See text for de- 
scription. 
technique, 5 which has the advantage of maintaining 
the normal shape of the left atrium and an intact 
right atrium. The left atrial cuff on the donor heart 
is anastomosed to the pulmonary venous cuff on the 
recipient side with a single suture line, which elim- 
inates the difficulties of the recently described total 
heart transplantation. 3 The bicaval technique re- 
tains the theoretical advantage of normal-shaped 
atria, which may preserve atrial contractility, sinus 
node competence, and valvular competence. 
We evaluated 40 heart transplant recipients un- 
dergoing orthotopic cardiac transplantation by the 
bicaval technique and 35 patients receiving conven- 
tional orthotopic ardiac transplantation to identify 
any physiologic and clinical differences between 
these surgical techniques. 
Patients and methods 
Patients. Seventy-five consecutive patients (demo- 
graphic data summarized in Table I) who underwent 
orthotopic ardiac transplantation at our center between 
May 1991 and April 1994 were studied after informed 
consent had been obtained. The patients were random- 
ized on an alternate basis to either the Wythenshawe 
bicaval technique (group A, n = 40) or the standard 
technique of Lower 1 and Shumway z (group B, n = 35). 
Since December 1993 we have changed our randomiza- 
tion protocol to coin tossing. 
Surgical technique. Cardiopulmonary b pass was initi- 
ated via cannulas placed in the superior (SVC) and 
inferior (IVC) venal cavae and ascending aorta. The 
bypass circuit included a Deßakey roller pump (Sarns, 
Inc., Ann Arbor, Mich.) and a Sorin monolyth membrane 
oxygenator (Sorin Biomedica S.p.A., Saluggia, Italy). The 
prime consisted of I L of lactated Ringer's olution and 1 
L of Gelofusin solution (B-Braun Medical Ltd., Switzer- 
land). Core temperature is maintained between 26 ° and 
28 ° C. 
The Wythenshawe bicaval technique, previously de- 
scribed by Sarsam and colleagues, 5 consists of excision of 
the right atrium of the recipient with a 2 to 3 cm cuff left 
around each cava (cavoatrial cuff). The left atrial incision 
is carried to the base of the left atrial appendage, whieh is 
removed leaving a small margin of the atrial cuff around 
all four pulrnonary veins (Fig. 1). 
The donor heart is excised with an intact right atrium 
and long cavae. The azygos vein may have to be tied oft to 
provide adequate length on the SVC. The left atrial 
ineision is performed in the usual fashion, to leave an 
adequate cuff for the pulmonary veins if the lungs are also 
donated. Donor hearts are arrested with cold St. Thomas' 
Hospital cardioplegic solution and stored in 4°C cold 
saline solution. Ischemic time is measured from donor 
aortic crossclamping to release of the recipient aortic 
crossclamp. 
The donor left atrium is sutured to the recipient left 
atrium with continuous 3-0 Prolene suture (Ethicon, Inc., 
Somerville, N.J.) in the usual fashion (Fig. 1). Notice that 
the left atrial shape and size are more or less normal 
because of the resection of the recipient atrial septum, 
with only the atrial roof left in situ. By contrast, in the 
standard technique, the atrial septum as well as a large 
remnant of the recipient atrial mass is left behind. A left 
atrial or left ventricular vent is introduced to avoid cardiac 
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Fig. 2. Wythenshawe bicaval technique. See text for de- 
scription. 
Fig. 3. Wythenshawe bicaval technique. See text for de- 
scription. 
rewarming. The IVC opening is then sutured to the IVC 
atrial cuffwith continuous 4-0 Prolene suture (Fig. 2). The 
donor SVC is similarly sutured to the recipient SVC-atrial 
cuff. Care should be taken to avoid any narrowing during 
suturing that will make future endomyocardial biopsies 
difficult. Cold blood cardioplegic solution is given after the 
completion of the atrial suture via the aortic root. The 
great arteries are then anastomosed with continuous 4-0 
Prolene suture in the usual fashion (Fig. 3). Before the 
release of the crossclamp, a 1 L shot of aspartate gluta- 
mate warm blood cardioplegic solution was given to all 
patients in both groups. Two atrial pacing wires and two 
ventricular pacing wires were routinely left in place at the 
end of each operation. 
Immunosnppression. All patients received the standard 
immunosuppressive drugs (induction therapy; rabbit antithy- 
mocyte globulin 2 mg/kg daily for 3 days, methylpredin- 
solone 125 mg intravenously for three doses, and mainte- 
nance therapy: cyclosporine, steroids, and azathioprine). 
Endomyocardial biopsies. Endomyocardial biopsies 
were performed via the right internal jugular vein in all 
except 9% of patients (n = 7/75, 4 in group A, 3 in group 
B), in whom a femoral vein approach was necessary (6 
patients were intolerant to the cervical approach). Intra- 
cardiac pressures were measured by introducing a 7F 
multipurpose vascular catheter (Cordis Corp., Miami, 
Fla.) in all patients at the time of biopsy. 
Biopsies were performed weekly on all patients for the 
first month and every 2 weeks for 2 months. Intracardiac 
pressures used for comparison were collected when biopsy 
results showed no histologic signs of rejection. Transtho- 
racic echocardiography was performed routinely after the 
biopsy in the first 3 months. 
Statisties. Data were analyzed with Statview SE+ 
graphics oftware (Abacus Concepts, Berkeley, Calif.). All 
data were expressed as mean values and standard evia- 
tion. Data were compared by means of Student's t test and 
parametric tests: the Mann-Whitney test for continuous 
variables and the Fisher exact test for categorical vari- 
ables. Values of p < 0.05 were accepted as statistically 
significant. 
Results 
Preoperative data. Comparison of the two groups 
showed no significant differences with regard to 
preoperative parameters (age, sex ratio, transpul- 
monary gradient, and pulmonary vascular resis- 
tance). Data are summarized in Table I. 
Perioperative parameters. Age of the donor, 
ischemic time, implantation time, and blood loss 
were not statistically different between the two 
groups (Table II). 
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Table II. Peroperative data and postoperative data 
Group A Group B p 
(n = 40) (n = 35) Value 
Donor age 32 -+ 2.3 30.95 -+ 2.3 0,38 
Implantation time (min) 82 71 0,12 
Ischemic time (min) 197 181 0,18 
Bypass time (min) 125 131 0,17 
Blood loss in 24 hr (ml) 764 --- 453 832 + 342 0,56 
Atrial tachyarrhythmias 2 11 0.016 
Temporary pacing 9 17 0.034 
Permanent pacing 0 3 0.1 
Hospital stay (days) 23 27 0.015 
Furosemide dose (mg) 80.8 _+ 2.9 134 - 18.5 0.03 
Postoperative data. Patients were extubated 8 to 
48 hours after their arrival in the intensive care unit. 
Four patients intubated for 4 to 21 days died of right 
ventricular failure in group B. One patient in group 
A was intubated for 7 days and survived early right 
ventricular failure, which necessitated mechanical 
support. 
Arrhythmias and paeing. Atrial tachyarrhyth- 
mias occurred in two patients in group A compared 
with 11 patients in group B (p < 0.016). Temporary 
pacing was required in 10 patients in group A and 17 
patients in group B (p = 0.034). Permanent pacing 
was needed in three patients in group B, whereas 
none of the patients ubjected to the bicaval tech- 
nique required permanent pacing (p = 0.09) (see 
Table II). 
Eehocardiography. Two-dimensional transthora- 
cic echocardiography showed normal-shaped right 
and left atria in group A (Fig. 4), compared with the 
hourglass-shaped left atrium described in the con- 
ventional technique, s Doppler study showed tricus- 
pid valve regurgitation i 15 patients from group A 
versus 17 from group B in the first week after 
transplantation. The incidence and severity were 
slightly higher in group B and this trend persisted 3
months after transplantation (Fig. 5). Mild mitral 
regurgitation was detected in four patients in group 
A versus 12 patients (10 mild and 2 severe) in group 
B. The trend persisted at 3 months, as shown in Fig. 
6 (p < 0.05). The mean ejection fraction in the first 
week after transplantation was 58% in group A and 
46% in group B. This difference was not statistically 
significant and the trend disappeared at 3 months. 
Atrial eontraetion. Recording of pulsed Doppler 
velocimetry at the level of the tricuspid and mitral 
valves howed a normal atrial systolic wave in group 
A compared with an erratic or absent atrial systolic 
wave in group B. Recorded right atrial traces 
showed the presence of a right atrial a wave in 95% 
(n = 38/40) of patients in group A. An a wave was 
recorded in 20% (n = 7/35) of patients in group B, 
p = 0.041 (Table III). 
Itemodynamic parameters. The hemodynamic 
parameters were measured at 1, 4, and 12 weeks 
(Table III). Right atrial pressure in group A (mean 
3.6 mm Hg) was significantly lower (p < 0.03, 
Student's t test) than in group B (mean 8.8 mm Hg). 
Mean pulmonary artery pressure was slightly higher 
in group B (22.9 mm Hg versus 17.4 mm Hg in group 
A). Right ventricular and pulmonary capillary 
wedge pressures and mixed venous oxygen satura- 
tions were not statistically different between the two 
groups. This trend persisted in the first 3 months 
after transplantation (Table III). 
Diuretic therapy, hospital stay, and early mortal- 
ity. In the first 3 months the need for diuretics was 
less in group A (mean dose 80.8 mg furosemide 
daily) than in group B (mean dose 134 mg furo- 
semide daily in the first week increasing to 160 mg 
furosemide daily) and remained unchanged. The 
hospital stay was shorter in group A (mean 23 days) 
than in group B (mean 28 days) (p < 0.015). The 
early mortality resulting from right ventricular fail- 
ure was 0% (n = 0/40) in group A and 9% (n = 
4/35) in group B (p < 0.034). Patients who died of 
right ventricular failure had comparable donor age, 
ischemic time, transpulmonary gradient, pulmonary 
vascular esistance, and pulmonary vascular esis- 
tance index to the survivors in the bicaval group 
(Table IV). 
Disenssion 
Lower, 1 Shumway, 2 and their associates recog- 
nized early that systemic and pulmonary venous 
connections could be simplified with atrial cuffs, 
avoiding the technical difficulty of separate caval 
and pulmonary venous anast0moses. Their tech- 
nique is simple to perform and has yielded good 
early and long-term results. However, some concern 
exists about atrial anatomy and function. Atrial 
contraction boosts pump function and contributes 
15% to 20% of the ner stroke volume. After stan- 
dard orthotopic heart transplantation the a wave 
representing ventricular filling by the atrium is 
smaller or not apparent. 6 
Several studies have shown that tricuspid and 
mitral valve regurgitation is prevalent on echocardi- 
ography after conventional transplantation, despite 
a normal valve apparatus. 4'7 Mild to moderate 
tricuspid regurgitation was present in 67% of pa- 
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Fig. 4. Echocardiographic appearance offour-chamber view in a patient from the bicaval group. Note the 
normal-sized atria. RV, Right ventricle; LV,, left ventricle; RA, right atrium; LA, left atrium. 
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Fig. 5. Echocardiographic assessment of tricuspid valve in group A and group b at i week, 4 weeks, and 
12 weeks after transplantation. The number of patients with mild, moderate, or severe tricuspid 
incompetence (Tl) did not differ significantly among the groups 07 = not significant). 
tients in the first 24 hours. 8This regurgitation may 
be due to the creation of abnormal-shaped atria and 
the asynchronous contraction of the recipient and 
the donor atria. Studies have also shown that the 
atria are enlarged and abnormal in shape. 9-11 
The only predictable disturbance of the mitral 
apparatus components described was the "snow- 
man" enlargement of the left atrium, al The poste- 
rior mitral leaflet, which is continuous with the left 
atrial endocardium, may be critically distorted by 
atrial dilatation. Although the role of the normal eft 
atrium in mitral competence may also include syn- 
chronous contraction, the contribution of atrial con- 
traction to mitral competence with normal ventric- 
ular function has been considered minimal. 11 In 
addition, no beat-to-beat variation in mitral regur- 
7 2 6 El Gamel et al. 
The Journa[ of Thoracic and 
Cardiovascular Surgery 
April 1995 
A 1Week B 1Week A 4Weeks B 4Weeks A 12Weeks B 12Weeks 
Fig. 6. Echocardiographic assessment ofmitral valve in group A and group B at 1 week, 4 weeks, and 12 
weeks after transplantation. The number of patients with mild, moderate, or severe mitral incompetence 
(MI) in each group was not significantly different (p < 0.05). 
Table III. Posttransplantation hemodynamics 
Group A Group B p Value 
A wave detected 38 7 0.041 
Right atrial pressure 3.6 ± 2.7 8.8 ± 7.0 0.03 
Peak A pressure 5.6 -- 3 9.2 ± 0.5 
Right ventricular pressure 28.6 ± 4.7 30 -- 8 0.36 
Pulmonary artery pressure 17.4 _+ 4.2 22.9 ± 10.6 0.04 
Wedge pressure 9.1 _+ 4.3 10 ± 3.1 0.19 
Mixed venous oxygen 69.7 _+ 3.4 66.5 ± 8.2 0.18 
saturation 
gitation was detectable, which would be expected if
discordant atrial contraction were responsible. 
Anatomic abnormalities are also associated with 
physiologic abnormalities, mainly the asynchronous 
contractions of the recipient and the donor atria 9 
with phasic excursion of the atrial septum during the 
cardiac cycle. These abnormalities could lead to 
atrioventricular insufficiency, which is being fre- 
quently seen after orthotopic heart transplanta- 
tion.7, 9, 12 
The influence of recipient atrial contraction on 
ventricular filling has been studied and may be 
crucial in the early postoperative phase. ~3 In an 
animal model of right-sided electrical isolation, 
Goldstein and associates TM showed that the increase 
of right atrial contractility constitutes an important 
compensatory response to right ventricular dysfunc- 
tion as shown by the deleterious hemodynamic 
effects of atrioventricular dyssynchrony. In addition, 
Table IV. Dead compared with survivors 
Died <30 
days of RV Survived p 
failure >30 days Value 
n 4 40 
age 53 53 0.09 
Donor age 36 - 5.2 32 ± 2.3 0.2 
Ischemic time 210 197 0.09 
Implantation time 72 _+ i5 82 ± 18 0.61 
Bypass time 142 _+ 14 125 ± 18 0.42 
Transpulmonary gradient 8 -+ 1.2 8 ± 1.5 0.18 
PVR 2.3 ± 0.8 2.1 ± 0.8 0.47 
PVRI 4.5 -+ 1.6 3.3 ± 1.3 0.40 
PVR, Pulmonary vascular resistance; PVRL, pulmonary vascular resistance 
index. 
atrioventricular dyssynchrony results in tricuspid 
regurgitation, which further compromises right ven- 
tricular performance. Goldstein and associates is 
confirmed these findings in patients with right ven- 
tricular infarction and showed that patients with 
atrioventricular dyssynchrony or depressed a waves 
(an indication of right atrial function) are severely 
compromised. After the Fontan operation in pa- 
tients with tricuspid atresia or with single ventricle, 
the role of right atrial contraction becomes more 
important in patients with small pulmonary arter- 
ies. 16 
What is important, however, is the role of an 
intact right atrium in preventing the development of
right ventricular failure after orthotopic heart trans- 
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plantation, particularly in patients with marginally 
elevated pulmonary vascular esistance. 
The incidence of tachyarrhythmias ppears to be 
between 18% and 44%17; the rate of early bradycar- 
dias is 38% and of support pacing, 40%. 18 Several 
studies have also documented a 5% to 20% inci- 
dence of permanent pacing after conventional trans- 
plantation)7, 19 Sinus dysfunction is frequently seen 
after orthotopic heart transplantation 2°' 21 and may 
contribute to the hemodynamic abnormalities ob- 
served after orthotopic heart transplantation. 22 
The technique of total cardiac transplantation 23 
was recently introduced by Yacoub, 3Dreyfus ,  24 and 
their associates to minimize the aforementioned 
disadvantages of the standard technique. Separate 
anastomoses were done for the right and left pul- 
monary veins, the SVC, and the IVC. Total cardiac 
transplantation is technically more demanding and 
requires a longer implantation time than the con- 
ventional technique, and the posterior suture line of 
the pulmonary venous anastomosis inaccessible. 
Hemodynamic evaluation after total heart trans- 
plantation (right atrial, right ventricular, pulmonary 
arterial, and pulmonary capillary wedge pressures 
and cardiac output) did not demonstrate a signifi- 
cant difference compared with the standard tech- 
nique. 25 The number of patients included in the 
study was small, and the measurement of cardiac 
output very early after transplantation (first week) 
was influenced by many factors to make the com- 
parison reliable in a small group of patientsY 
Kendall and coworkers 26 showed no difference 
between patients with total cardiac transplantation 
or with the "standard" technique in the prevalence 
of tricuspid regurgitation or hemodynamic abnor- 
malities. Their observations are contrary to those of 
the present study, in which hemodynamic benefit of 
preservation of atrial anatomy and function was 
observed in the improvement of the clinical out- 
come of the bicaval group. 
The data available in the present study were 
insufficient to describe more precisely the right 
ventricular function. Different methods are avail- 
able to assess right atrial and right ventricular 
function. Right atrial pressure does not accurately 
predict he right ventricular preload. 27 However, the 
analysis of right atrial waveforms, ineluding mea- 
surement of a wave and V wave amplitude, provides 
interesting data on right atrial function) 4
The degree of tricuspid regurgitation was evalu- 
ated semiquantitatively in the present study by the 
Doppler mapping technique. The absence of a V 
wave on the right atrial pressure curve  28 and the 
absence of a systolic murmur 7suggested that tricus- 
pid regurgitation was absent or only mild to moder- 
ate. 
Tricuspid valve incompetence affected 37.5% of 
patients in group A and 48.5% of patients in group 
B the first week. The prevalence is similar when the 
standard group (67% in the first 24 hours) s is 
compared with the total heart transplantation 
group, although the severity is less in the bicaval 
group. Echocardiographic studies showed that the 
right ventricle is dilated at day 1 after transplanta- 
tion and remains dilated at 1 month. 8'29 Right 
ventricular failure in the transplanted heart results 
classically from excessive right ventricular after- 
load.30, 31 The role of ischemic time of the trans- 
planted heart 32 and the age of the donor 33 have also 
been discussed.  22' 34 We have found no differences 
in ischemic time and donor age between the two 
groups to account for out findings. Right ventricular 
dysfunction and tricuspid valve incompetance are 
common regardless of the transplantation tech- 
nique. However, the advantage of the bicaval tech- 
nique may be the spur provided by the intact atrium 
and sinus rhythm, which maintain adequate cardiac 
output. Right ventricular failure occurred in one 
patient in the bicaval group who had a high pulmo- 
nary vascular esistance. The patient required me- 
chanical support but completely recovered, which 
may indicate that in this subgroup of patients the 
preservation of atrial function may aid recovery in 
the early postoperative phase. 
Our annual mortality from right ventricular fail- 
ure is 4% (reporting all cases done by both tech- 
niques). We were surprised to find that most of the 
deaths occurred in the standard group, to increase 
the incidence 9% when only the standard group was 
analyzed. 
Further hemodynamic studies are required to 
confirm the advantages of this technique, especially 
in cases in which pulmonary vascular esistance is 
elevated. The role of atrial size and geometry in the 
right ventricular dysfunction observed after ortho- 
topic heart transplantation using the standard tech- 
nique remains to be evaluated. 
Our technique as described is simple to perform. 
All suture lines are easily accessible. Neither SVC 
nor IVC obstruction has occurred. The present 
study demonstrated better preservation of the atrial 
anatomy, eontractility (preserved a wave), and sinus 
hode activity, which may contribute to better right 
ventricular and left ventricular function. 2° We have 
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shown that the bicaval technique has a lower inci- 
dence of mitral incompetence, which may be due to 
the absence of the anticlockwise rotation incurred 
with conventional cardiac transplantation and the 
synchronized atrial contraction. We have also shown 
clinical advantages of the bicaval techniques: horter 
hospital stay, lower diuretic dose, and lower early 
mortality. In this study, the four deaths in the 
standard group resulted from right ventricular fail- 
ure; this problem did not develop in any patients 
who had the new technique. No difference in donor 
age, ischemic time, transpulmonary gradient, pul- 
monary vascular esistance, and pulmonary vascular 
resistance index was observed between patients who 
died of right ventricular failure and patients who 
survived (Table IV). 
Preservation of normal sinus rhythm and reduced 
need for temporary as well as permanent pacemak- 
ers in group A may prevent or reduce the impact of 
right ventricular failure after transplantation. 
Independently, Blanche and associates 3»reported 
their experience with a similar technique for per- 
forming cavocaval anastomosis, which may have the 
disadvantage of suture line tension in cases with a 
major size discrepancy between donor and recipient, 
increasing the risk of caval narrowing. We were 
interested to note that their results are comparable 
with ours, confirming the advantages of preserving 
atrial anatomy and function. Currently the bicaval 
technique is our preferred technique for orthotopic 
cardiac transplantation. 
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Discussion 
Dr. Bruce A. Reitz (Stanford, Caliß). The Lower-Shum- 
way technique was originally introduced in 1959 to sim- 
plify cardiac transplantation, with others having suggested 
caval anastomosis. With modern suture techniques, it is 
now easy to perform these caval anastomoses and even 
pulmonary venous anastomoses. The technique that you 
described provides an aesthetically pleasing appearance to
the heart once it has been implanted. However, I want to 
ask you three questions about your data to better under- 
stand the differences that you have mentioned. 
The first question addresses randomization of patients 
into the study. The abstract suggests that patients are 
randomized and yet the manuscript says they were as- 
signed. Are these sequential patients with the Shumway- 
Lower technique used in the first 40 and then the bicaval 
technique in the last 35? 
Dr. El Gamel. In the first stage randomization was done 
on an alternate basis up to 20 cases, one case bicaval and 
one case standard. After that we started to think we 
should randomize them properly. With the difficulty of 
matching the donor and recipient and the timing of 
transplantation, we decided that the best way to random- 
ize them was tossing a coin. That is what we are doing at 
the moment. Standard and bicaval techniques are chosen 
by tossing a coin. 
Dr. Reitz. In the manuscript you added five additional 
patients and all of those were in the bicaval group, so I 
wondered if you were still randomizing at that point. 
Dr. El Gamel. Yes, we were, by the toss of a coin. Tbat 
is why the number is quite unequal. 
Dr. Reitz. Because of this question of randomization, 
some things like length of stay and diuretics may be 
somewhat suspect in the analysis. 
I have a question about the four deaths that are 
reported with the Shumway-Lower technique. If I under- 
stand the numbers correctly, that is about an 11.5% 
incidence. Most people who have used this technique 
would say the incidence of right heart failure and death is 
probably closer to 2% or 3%. Could you explain the fairly 
high incidence of this complication? 
Dr. El Gamel. We compared these data with our total 
database of 200 transplant patients, and we found that in 
this particular series mortality is higher than our average, 
which is 6%. We have no explanation for that. 
Dr. Reitz. I noticed that you used mechanical support in 
the one patient with bicaval anastomosis who had this 
problem but did not mention whether you had used 
mechanical support in the other patients. 
Dr. El Gamel. We have used mechanical support in the 
other patients. The reason is that the patients had right- 
sided heart failure for 10 days. They were supported by 
inotropic and mechanical support and the condition of 
most of them deteriorated in rapid fashion. 
Dr. Reitz. Like you, I was surprised by the fact that the 
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prevalence of tricuspid insufficiency is quite similar be- 
tween the two techniques. This is the area in which one 
would expect he greatest difference between the two. On 
the other hand, the incidence of mitral regurgitation was 
apparently significantly different. Beeause the teehniques 
are basically the same for the left atrium, I have a hard 
time understanding that discrepancy. I wonder if you 
could postulate why that might be the case. 
Dr. El Gamel. The reason for valve insufficiency has 
been a controversial issue in cardiac transplantation. 
There is even a series describing the early mitral incom- 
petent state from the standard technique with no great 
explanation of why it happens with normal eft ventricular 
function. The only explanation we have was the large atria 
with the standard teehnique. The small normal atrial size, 
as well as the normal geometric position of the left 
ventricle, may assist the closure of the mitral valve and 
probably reduce the incidence of incompetence. However, 
until now that also was surprising to us and we have to find 
the answer to that. 
Dr. Reitz. It does not seem to make sense, but many 
things in medicine do not. We at Stanford are increasingly 
using this technique, espeeially for patients with congen- 
ital heart disease and those with a big discrepancy be- 
tween the right atrium of the recipient and the donor, not 
only for heart transplantation but also for heart-lung 
transplantation. It certainly does produce an aesthetically 
more pleasing appearance of the heart after the operation. 
Dr. Alfredo Trento (Malibu, Calif). We have been using 
the total orthotopic technique for the past 3 years. We 
have used your technique when retrieval of both lungs was 
demanding the posterior atrial wall. You have a prospec- 
tive series and we have a retrospective series of two 
consecutive groups. We reviewed about 70 patients in 
each group. The standard teehnique was used before 1991 
and the new technique after that date. We reaehed the 
same conclusion that you reached in your prospective 
study, with some differences. Hospital survival was 100% 
with the new technique, whereas one patient treated by 
the old teehnique died of right heart failure. I noticed that 
four of your patients died of right heart failure. On the 
basis of their hemodynamies, they did not have right heart 
failure. I am questioning the cause of death as diagnosed. 
Regarding hemodynamics, wehave used Doppler echo- 
eardiography and eine magnetic resonance imaging during 
follow-up of patients treated by the new technique. We 
noticed that the right atrial ejection fraction was much 
better with the new technique than with the old technique. 
It was similar to that of a group persons with normal heart 
function, but the cardiac output was exactly the same, at 
rest. Our conclusion at this point is that the new technique 
is more aesthetically pleasing, eompletely eliminates the 
need for a pacemaker, and possibly will increase cardiac 
function during exercise. Can you comment on this 
please? 
Dr. El Gamel. We have actually started exercise studies 
in both groups to demonstrate if there is any difference in 
their exercise eapacity. That information is being com- 
piled. 
Regarding cardiac output measurements, we have 
started to do something that is more controlled than an 
absolute comparison of the two groups in cardiac output 
measurements with numbers. We are using the patient as 
his or her own control. In the standard technique in the 
early postoperative p riod, we got two atrial pacing wires 
and two ventricular paeing wires. We measure the cardiac 
output in a resting state, then pace the heart atrially in the 
resting state, and then pace the heart ventricularly in the 
resting state. We eompare the cardiac function with atrial 
and ventricular pacing to see if any difference between the 
two groups is demonstrable. So far, we have been pleased 
that there is a difference in cardiae output between atrial 
and ventricular pacing in the bicaval group with an intact 
atrium. We probably will present his information soon. 
Dr. Davis Drlnkwater (Los Angeles, Caliß). We started 
using this technique several years ago and have compiled 
about 125 eases. It is aesthetieally pleasing, and it is good 
for patients with congenital heart disease. However, we 
evaluated tricuspid and mitral valve regurgitation and did 
not see any difference between the two groups, that is, the 
standard right atrial versus the bicaval connection. We 
were very surprised. We have not done any exercise 
studies, but we are hoping that over the long term there 
may be some benefits similar to the experience with 
Senning patients, in terms of prevention of future atrial 
arrhythmias and overall preservation of good ventricular 
function. Although we do not have any specific measure- 
able differences, we do continue to use the bicaval implan- 
tation technique, in large part because of the aesthetic 
advantages. I  the difference in mitral regurgitation found 
in your study related more to the time period in which it 
was done, reflecting better preservation techniques and 
postoperative management, rather than the bicaval con- 
nection itself? 
Dr. El Gamel. Our mitral incompetenee data aetually 
were a surprise to us. We did not expect to see a 
difference. Further investigations are required to demon- 
strate the reasons. 
